Abstract. To compare the epidemiologic profiles of hepatitis A virus (HAV) and hepatitis E virus (HEV) infections in children in Mongolia, the prevalence of HAV and HEV infections was studied serologically and molecularly among 520 apparently healthy children 7-12 years of age (mean ± standard deviation, 8.5 ± 0.8 years) using serum samples obtained in 2004. Total antibody against HAV (anti-HAV) was detected in 438 children (84.2%), whereas IgG antibody against HEV (anti-HEV IgG) was detected in only three subjects (0.6%). All three subjects with anti-HEV IgG were negative for anti-HEV IgM and HEV RNA. The presence of HAV RNA was tested in all 520 subjects, and one child (9-year-old girl) was found to have detectable HAV RNA (subgenotype IA). In conclusion, HEV infection was uncommon, but subclinical HAV infection was highly prevalent among children in Mongolia.
INTRODUCTION
Mongolia is located in the Northern part of Central Asia, between Russia and China, with an area of more than 1.57 million square kilometers and a population of 2.635 million as of the end of 2007. 1 Communicable diseases are still one of the main health problems in the country, and viral hepatitis accounted for 24.4% of the registered communicable diseases in Mongolia in 2007. 1 However, to date, little is known about the prevalence of infection with hepatitis A and E viruses among apparently healthy children in the country.
Hepatitis A virus (HAV) is transmitted via the fecal-oral route, and has a global distribution. 2 Hepatitis A virus infection is a common infection responsible for about 1.4 million new infections worldwide each year. 3 However, the true incidence of hepatitis A is often underestimated because of underreporting as a result of its widely asymptomatic and milder forms of infection. Three epidemiologic patterns of endemicity (low, intermediate, and high), are seen worldwide. 2 In developing countries, low economic status, high crowding, and inadequate water treatment contribute to a high endemicity pattern; more than 90% of the population has acquired natural immunity before 10 years of age, and often shows asymptomatic forms. In those countries, overt forms of hepatitis A are relatively rare with exceptional severe forms. 2 Hepatitis A virus is a nonenveloped 27-nm, heat-, acid-, and ether-resistant RNA virus in the genus Hepatovirus of the family Picornaviridae . Antibodies to HAV (anti-HAV) can be detected during acute illness when serum aminotransferase activity is elevated and fecal HAV shedding is still occurring. This early antibody response is predominantly of the IgM class and persists for several months, rarely for 6 to 12 months. During convalescence, however, anti-HAV of the IgG class becomes the predominant antibody. Hepatitis A remains selflimited and does not progress to chronic liver disease. 4 Hepatitis E virus is also an enterically-transmitted virus that occurs primarily in Asia, Africa, and Central America. Hepatitis E virus is a nonenveloped virus with a single-stranded, positive-sense RNA in the genus Hepevirus of the family Hepeviridae . The IgM and IgG classes of antibodies to HEV (anti-HEV IgM and anti-HEV IgG) can be detected, but the former falls rapidly after acute infection, reaching low levels within 6 months. Currently, serologic testing for HEV infection is not available routinely. 4 Recent studies of HAV and HEV infections among apparently healthy populations in Ulaanbaatar, the capital city of Mongolia, showed high prevalence of anti-HAV and low prevalence of anti-HEV. 5, 6 However, the prevalence of infections with HAV and HEV among apparently healthy children in Mongolia, in relation to living place and lifestyle, is poorly understood. Therefore, the aim of the present study was to research the prevalence of HAV and HEV infections among apparently healthy children in Mongolia, including those living in the rural areas.
MATERIALS AND METHODS
Study design and population. In this study, serum samples from a nationwide cross-sectional, seroepidemiologic investigation of hepatitis viruses among school children conducted in 2004 were used. 7, 8 The study population included children attending the elementary schools during the school year of [2004] [2005] . Selection procedures of study areas and population have been described elsewhere.
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Data collection. Epidemiologic data were collected from questionnaires and school records. Survey data included general information on school children (age, sex, ethnicity, type of housing, status of orphan, education and occupation of parents).
Detection of anti-HAV and HAV RNA and determination of HAV genotype. Total anti-HAV was assayed by enzymelinked immunosorbent assay (ELISA) using a commercially available kit (HAT-EIA, Denkaseiken, Tokyo, Japan).
For detection of HAV RNA, 10 μL each from 10 serum samples were pooled, and each pool was subjected to reverse transcription (RT)-polymerase chain reaction (PCR) with nested primers derived from the 5′ untranslated region (UTR) of the HAV genome as described previously. 6 If a pool was positive for HAV RNA, the 10 serum samples of that pool were individually tested for the presence of HAV RNA, and the amplicons derived from HAV RNA-positive samples were subjected to sequence analysis. The HAV genotype was determined after phylogenetic analysis of the amplified HAV sequence (395 nt: primer sequences at both ends excluded).
To confirm the presence of HAV RNA, the VP1-2B region was also amplified as described previously.
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Detection of anti-HEV and HEV RNA. The IgG, IgM, and IgA classes of anti-HEV (anti-HEV IgG, anti-HEV IgM, and anti-HEV IgA, respectively) were assayed by in-house ELISA, as described previously. 10 The RT-PCR was performed for detection of HEV RNA in serum samples with anti-HEV, using nested primers targeting the ORF2 region of the HEV genome, as described previously.
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Sequence analysis of PCR products. The amplification products were sequenced directly on both strands using the BigDye Terminator version 3.1 cycle sequencing kit on an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequence analysis was performed using GenetyxMac version 12.2.7 (Genetyx Corp., Tokyo, Japan) and ODEN version 1.1.1 from the DNA Data Bank of Japan (DDBJ: National Institute of Genetics, Mishima, Japan).
Statistical analysis. Statistical analyses were performed using SPSS version 14.0 (SPSS, Inc., Chicago, IL). The overall prevalence of HAV and HEV antibodies among school children in the country were calculated. The independent variables used were age, sex, and ethnicity and rural versus urban residential areas. A two-sided P < 0.05 was considered statistically significant.
Ethical issues. The study procedures were explained to parents or legal guardians of each child and written informed consent was obtained. The study protocol was reviewed by the Ethical Review Committees of the Ministry of Heath, Mongolia and Health Sciences University of Mongolia, Mongolia.
RESULTS
Prevalence of anti-HAV and anti-HEV among school children aged 7-12 years. Although a total of 1,145 children were included in the original survey for infections with hepatitis B, C, and D viruses, 7, 8 520 subjects, whose serum samples were available, were enrolled in the present study. The mean (±SD) age of the 520 school children was 8.5 ± 0.8 years with a range of 7-12 years. Four hundred sixtyone students (88.7%) were from the major ethnic group Khalkh, and the others (11.3%) were non-Khalkh children from minority ethnic groups. The overall prevalence of anti-HAV antibodies among the study population was 84.2%. In contrast, anti-HEV IgG was detectable in only 3 (0.6%) of the 520 children analyzed: these three children were a 7-year-old boy, 9-year-old girl, and 9-year-old boy. All of them were negative for anti-HEV IgM and IgA as well as HEV RNA, indicative of past HEV infection: therefore, anti-HEV IgG will be described as anti-HEV hereafter, unless otherwise stated. Table 1 represents the prevalence of antibodies to HAV and HEV among the 520 school children according to age, sex, and ethnicity, demographic and geographic variables, and type of housing. Prevalence of anti-HAV increased with age, and was higher in the 10-12 year age group than in the 7-9 year age group, although not being statistically significant (88.6% versus 83.9%; P = 0.466; odds ratio [95% confidence interval], 0.7 [0.2-2.0], respectively). Anti-HAV prevalence rate was significantly higher in 250 girls than in 270 boys (89.2% versus 79.6%; P = 0.003), the reason of which was unknown. An appreciable difference was observed in the prevalence of HAV infection between children living in an apartment house and those in old type (Ger) ( P = 0.012 ). The prevalence of anti-HAV antibodies was comparable between Ulaanbaatar and Selenge (81.2% versus 79.3%), but was lower in Ulaanbaatar than in other geographic regions, including Bayanhongor (Khangai-Gobi region of Mongolia) (94.2%), Darkhan (one of three Metropolitan cities located in the northern part of the country) (90.5%), and Gobi-Altai (Western region) (88.1%). As expected, the prevalence of anti-HAV was higher in children living in a rural area than in those in urban areas, although the difference fell short of being statistically significant. When some possible risk factors were studied, anti-HAV was significantly more frequent in children with the number of household members with "more than 5" than those with "less than 4" ( P = 0.013) ( Table 2 ). Of note, history of hepatitis was significantly more frequent among children with anti-HAV than in those without (11.8% versus 3.8%; P = 0.034).
Detection of HAV RNA among 520 children. Among the 520 children, one child (9-year-old girl) had HAV RNA detectable by RT-PCR using primers targeting the 5′UTR of the HAV genome and also by that with the VP1-2B primers, indicating ongoing HAV infection; however, she had no signs or symptoms of hepatitis.
Phylogenetic analysis of HAV RNA. We determined the partial nucleotide sequences of the 25-A-04 isolate within the 5′UTR sequence (395 nt) and VP1-2B region (481 nt) of the HAV genome. The 25-A-04 isolate was typed as IA based on the highest similarity to IA isolates thus far reported. Of note, the 25-A-04 isolate was 99.2% and 99.6% identical to MNA06-588 of Mongolian origin within 5′UTR (accession no. AB259813) and VP1-2B (AB259816), respectively.
DISCUSSION
In our previous study conducted in Ulaanbaatar, the capital city of Mongolia, and its surrounding suburbs ( N = 249) in 2002, 100% of the adult population 23-86 years of age tested positive for anti-HAV, and 11% of the same population had detectable anti-HEV antibodies. 5 However, there have been limited data on anti-HAV and anti-HEV prevalence among children in Mongolia, restricted only to those living in the capital city. 6 Therefore, the present study was conducted to research the prevalence of HAV and HEV infections in children living not only in urban areas including Ulaanbaatar but also in rural areas including Central (Selenge), Eastern (Dornod), Western (Gobi-Altai), Khangai-Gobi (Bayanhongor) regions of Mongolia, where such seroepidemiologic and molecular studies on HAV and HEV have not thus far been performed. The confirmed HAV seroprevalence among elementary school children 7-12 years of age in this study was 84.2% (438 out of 520), in contrast with the extremely low prevalence of IgG anti-HEV antibodies among the same 520 children (only 0.6%); none of the three children with anti-HEV IgG were positive for anti-HEV IgM and IgA as well as HEV RNA, indicating past HEV infection. The present study confirmed that HAV infection is highly prevalent in children in Ulaanbaatar, and revealed that HAV infection is also frequently seen in children living in the rural areas of Mongolia and is more prevalent in the rural areas than in the urban areas, although the difference not being statistically significant. As for HEV infection in children in Mongolia, it was uncommon not only in urban areas but also in non-urban areas, corroborating our previous study. 6 In this study, the prevalence of two enterically-transmitted hepatitis viruses, HAV and HEV, were compared by serologic and molecular approaches. Hepatitis A virus and HEV had different epidemiologic patterns in Mongolian children, and only three children (0.6%) were found to be positive for anti-HEV IgG. The low prevalence of HEV infection among children in this study is in contrast to a study in the adult population in which as high as 11% were positive for anti-HEV IgG. 5 Whether the low prevalence of anti-HEV in children is attributable to lack of exposure to HEV in children or to lowered levels of replication of the virus in infected cells remains unanswered. 12 Even in the adult population, the prevalence of HEV infection was markedly lower than that of HAV infection (100%) in Mongolia. 5 This could be a result of the lower infectivity, stability, and transmissibility of HEV than HAV, Table 2 Prevalence of antibodies to HAV and HEV among Mongolian school children according to some sociodemographic variables and history of acute hepatitis* Variables n Anti-HAV, n (%) P Anti-HEV, n (%) P Anti-HAV and/or anti-HEV n (%) P and may be explained by the notion that transmission of HEV would not be influenced by only sanitary conditions. 13 Although no meaningful clustering of HAV infection was observed in the children in this study, the higher prevalence of HAV infection in rural soums than in urban areas may be explained by the evidence that children living in rural areas used to drink water from contaminated surface water sources. Anti-HAV was positive among 82.8% of those who had no history of hepatitis, suggesting that HAV infection may have contributed to the development of acute hepatitis with clinical manifestation in very few infected cases in the past. The majority of children in Mongolia contract HAV infection lacking overt clinical features , as typified by ongoing HAV infection in a 9-year-old girl who had no signs or symptoms of hepatitis, regardless of HAV viremia, observed in the present study. Significant sex differences with higher prevalence of anti-HAV in girls (89.2% versus 79.6%; P = 0.003) as well as the slightly higher seroprevalence in children who live in old type of housing (Ger) than in children who live in new type of housing (86.3% versus 73.6%) observed in our study, have been reported by other investigators.
14 Furthermore, household crowding was significantly associated with HAV antibody status. These findings are consistent with what has been described in Tunisia.
14 Molecular epidemiologic studies of HAV have identified geographic sources of HAV isolates. Subgenotypes IA and IB are most often found in North and South America, Europe, China, and Japan. [15] [16] [17] In the present study, subgenotype IA HAV was recovered from one child.
In conclusion, the present study shows that infection with HAV is highly prevalent in children living in not only the capital city, Ulaanbaatar, but also other urban and rural areas of Mongolia, whereas HEV infection is uncommon throughout the country. The reason for distinct epidemiologic profiles of HAV and HEV, two enterically-transmitted hepatitis viruses, in Mongolia deserves further study. 
